Introduction {#sec1-1}
============

Proteoglycans (PGs) are proteins which have glycosaminoglycan chains covalently linked to its protein core.\[[@ref1]\] Several types of PG are found in extracellular matrices (ECM) of connective tissues where providing structural support is their main biological action.\[[@ref2]\] During last decade, a variety of biologically active moieties have been identified in vascular endothelium. Endocan is a novel PG secreted by vascular endothelium. In contrast to the larger PG molecules of ECM, endocan has essentially distinct biological functions. Both the protein core and glycosaminoglycan (GAG) of endocan have been implicated in interactions with ECM components, cell surface proteins, intracellular molecules, as well as soluble mediators which in turn regulates cell differentiation, migration, and adhesion. Current research suggests that endocan might have the key role in inflammation, healing, and tumorigenesis.\[[@ref1][@ref3]\] Neovascularization associated with an inflammatory or a malignant process consistently displayed elevated serum level and higher expression of endocan on affected tissue. Moreover, recently, it was also found to be expressed on malignant cells.\[[@ref4]\] This review highlights the current applications and future prospects of endocan in research and patient care.

Discovery of Endocan {#sec1-2}
====================

In 1996, Lassalle *et al*. first reported identification of a new human endothelial cell-specific molecule (ESM) cloned from a human umbilical vein endothelial cell (HUVEC) cDNA library.\[[@ref5]\] They demonstrated the presence of homologous genes with highly conserved regions in primates and other mammals. They also suggested its potential implications in vascular cell biology, inflammation, and lung physiology. A single gene (ESM) containing three exons and two intervening introns located in long arm of chromosome five encodes endocan. Owing to its highly restricted distribution to vascular endothelial cells, this molecule was initially named as ESM-1. Further research confirmed that ESM-1 belongs to the PGs family and consequently termed as endocan. Although initially endocan expression was considered to be restricted to lung tissue only, later it was detected in cultured endothelial cells from microvasculature of skin and adipose tissue as well as from coronary and pulmonary arteries.\[[@ref6][@ref7]\]

Structure of Endocan {#sec1-3}
====================

Like other members of PGs family, endocan also contains a protein core and saccharide moiety covalently linked to it.\[[@ref1]\] The protein core is composed of 165 amino acids. Endocan acquires one single dermatan sulfate (DS) side chain attached to serine 137 of protein core during posttranslational modification.\[[@ref2]\] The protein core possesses two distinct domains, namely, N-terminal cysteine-rich domain of 110 amino acids and C-terminal domain of 55 amino acids free of cysteine. The N-terminal 110 amino acids also contain an endothelial growth factor (EGF)-like domain and a phenylalanine-rich region. Endocan to some extent displays sequence homology with insulin-like growth factor binding protein, β2 integrin, fibrillin-1, laminin-β2, and procollagen-α2.\[[@ref1]\]

Endocan is distinct from other members of PGs family in several aspects. Endocan lacks significant homologies with other extracellular PGs. In contrast to the large PG molecules with several GAG chains, it has a molecular mass of only 20 kDa and contains a single DS chain.\[[@ref5]\] Furthermore, endocan is basically a secretory molecule, rather than an ECM component for providing structural support to cells.\[[@ref8]\] The DS of endocan consists of about 32 disaccharide units. Both nonsulfated and disulfated units are present in higher proportion in endocan than other naturally occurring DS PG.\[[@ref2]\]

Physiological Functions and Binding Properties of Endocan {#sec1-4}
=========================================================

Endocan can take part in molecular interactions with wide range of biologically active moieties which are essential for regulation of biological processes such as cell adhesion, migration, proliferation, and neovascularization.

In acute infection, vascular endothelium and leucocyte express a set of adhesion molecules which play major role in leucocyte migration out of the blood vessels to the site of infection.\[[@ref9]\] Tumor necrosis factor (TNF) and interleukin-1 (IL-1) secreted from macrophage stimulate expression of E- and P-selectins and integrin ligands like intercellular adhesion molecule-1 (ICAM-1) on endothelium of small blood vessels adjacent to the inflamed site.\[[@ref9]\] During the process of activation in response to infection, leukocytes acquire ligands for E- and P-selectins and high affinity integrins, namely, lymphocyte function-associated antigen-1 (LFA-1). As a result of binding of selectins to their ligand, circulating leukocyte stats rolling along the endothelial surface and the binding of LFA-1 to ICAM-1 initiates the process of leucocyte transmigration and homing to site of infection in peripheral tissues. The binding of protein core of endocan with LFA-1 has negative effect on LFA-1 interaction with endothelial ICAM-1.\[[@ref10]\] Consequently, endocan inhibits migration and homing of leucocytes.\[[@ref10][@ref11]\]

Endocan has been implicated in development of vascular tissue in health and disease. A group of specialized cells known as the "tip cells" located at the growing end of a developing blood vessel act as sensor and mediate vascular growth.\[[@ref12]\] Other cells (stalk cells) which merely constitute the vessel have no significant role in determining the growth. Endocan expression was preferentially more in tip cells in comparison to stalk cells.\[[@ref12]\] Recent evidence suggests that endocan expression is associated with neovascularization of tumor, angiogenic switch in stem cells and endothelial-mesenchymal transition process like arterial wall remodeling.\[[@ref13][@ref14][@ref15]\]

The mitogenic property of endocan has been described in several studies. Pro-angiogenic factors (vascular EGF \[VEGF\] and fibroblast growth factor-2 \[FGF-2\]) which stimulate endocan expression are also found up-regulated in diverse group of malignancies.\[[@ref1][@ref16][@ref17][@ref18]\] Endocan has been shown to potentiate the mitogenic effect of VEGF on endothelial cells and hepatocyte growth factor/scatter factor on human embryonic kidney cells in *in vitro* studies.\[[@ref17][@ref19][@ref20]\] It is evident from these studies that endocan in association with other mediators promotes cell proliferation and thus may have a vital role in wound repair and tumor progression.

Regulation of Endocan {#sec1-5}
=====================

Although the exact regulatory mechanism of endocan production is not well-established, recent studies suggest that a number of signaling pathways and bioactive mediators are involved. The expression of endocan is up-regulated by VEGF-A, VEGF-C, IL-1, TNF-α, transforming growth factor-β1, and FGF-2, whereas phosphatidylinositide 3-kinases (PI3K) and interferon-γ cause down-regulation.\[[@ref1][@ref5][@ref13][@ref20]\]

The interaction of VEGF with its receptor and the downstream intracellular signaling pathway has been investigated frequently. VEGF binding to VEGF receptor induces receptor dimerization and trans-phosphorylation of intracellular tyrosine moieties (Tyr951, Tyr1175, and Tyr1214).\[[@ref21]\] This in turn causes activation of the kinase and leads to induction of signaling cascades i.e. extracellular-signal-regulated kinase-1/2 pathway, protein kinase B (AKT/PKB)/PI3K pathway, p38 MAPK pathway, PKC/nuclear factor-κB (NF-κB) pathway, and focal adhesion kinase pathway.\[[@ref22]\] Among these, PKC/NF-κB pathway was found to induce endocan mRNA expression, whereas, PKB/PI3K pathway had the opposite effect.\[[@ref1]\] This was supported by the observation that PI3K inhibitor and PKC activator increased the basal level of endocan mRNA, while PKC inhibitor blocked its expression in *in vitro* endothelial cell culture.\[[@ref4]\] Silencing of endocan expression by siRNA has been used to study various biological effects of VEGF mediated by endocan. Endothelial cells displayed lack of VEGF-induced proliferation and migration upon endocan siRNA silencing and addition of recombinant endocan protein resulted in restoration of these functions.\[[@ref23]\] This confirms the vital role of endocan in VEGF induced mitogenic and migratory effects on vascular endothelium.

Marker of Endothelial Activation {#sec1-6}
================================

Although endocan was primarily described as a soluble circulating DSPG secreted by HUVECs, a wide panel of human endothelial cells was found to express it in *in vitro* culture.\[[@ref6][@ref7]\] However, endothelial cells from brain, heart, pancreas, or liver etc., highly vascular organs had no detectable endocan protein or transcript in various studies.\[[@ref5][@ref7]\] On the other hand, activated endothelium associated with inflammation or tumor progression displays several fold increase in endocan mRNA.\[[@ref3]\] Highly vascular tumors such as glioblastoma and liposarcoma have been associated with a 30-fold increase in endocan gene expression.\[[@ref24]\] Recently, microarray analysis has revealed that during angiogenesis tip cells specifically express endocan in much high level in comparison to rest of the vasculature.\[[@ref25]\] These findings are in accordance with low level expression of endocan in established vasculature with resting endothelial cells. Hence, endocan expression can be employed to differentiate activated endothelium from its dormant counterpart. Frahm *et al*. successfully utilized endocan immunoreactivity as a method for identifying newly formed and nonfunctional blood vessels in the mouse brain.\[[@ref26]\] This may have a potential use in diagnosis of human diseases associated with neovascularization.

Marker of Tumor Angiogenesis, Invasion, and Tumor Progression {#sec1-7}
=============================================================

Tumor progression is the final phase in tumor development, characterized by accelerated growth, invasiveness, and spread of the tumor cells. In contrast to tumor promotion where the key event is survival and clonal expansion of the cells with malignant potential, in tumor progression, a subset of cancer cells accumulate further genetic alterations and give rise to tumor heterogeneity.\[[@ref27]\] These cells have increased growth rate, altered phenotypic characters, and are highly invasive and metastatic. Angiogenesis is an essential event in tumor progression as it supplies oxygen and nutrients to actively proliferating tumor cells. During tumor progression, a tumor which rapidly grows in size, eventually becomes hypoxic. This activates the hypoxia-inducible factor signaling, resulting in VEGF secretion from both tumor cells and tumor-associated stromal cells in an attempt to ensure tumor\'s oxygen requirements. The vascular growth promoting action of VEGF is mediated by endocan. Several studies have reported that tumor vessels of highly vascularized cancer like lung, brain, colon, liver, kidney, pituitary cancer have marked expression of endocan \[[Table 1](#T1){ref-type="table"}\].\[[@ref1][@ref13][@ref28][@ref29]\]
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Probable diagnostic, prognostic, and therapeutic implications of endocan
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It is evident from recent studies on carcinogenesis using *in vitro* cell cultures that endocan gene expression is closely associated with two of major events in tumor progression, that is, angiogenic switch and the vascular mimicry of tumor cells.\[[@ref1]\] In case of angiogenic switch, tumor cells send signals for new blood vessels and develop into an aggressive tumor with dissemination from a dormant and localized phenotype.\[[@ref24]\] The *ESM-1* gene has been described as the molecular signature associated with angiogenic switch in various human cancers.\[[@ref24][@ref30]\] Tumors with pronounced endocan expression are usually highly vascularized, fast-growing, aggressive, and have a poor prognosis. Glioblastoma and liposarcoma are the classic example. In contrast to glioblastoma, low-grade gliomas of brain are poorly vascularized, less invasive, and do not express endocan.\[[@ref13]\]

On the other hand, vascular mimicry is attributed to plasticity of tumor cells. A fraction of cancer cells, in addition to expression of endothelium-associated genes, may transform themselves into patterned, three-dimensional tubular networks which could transport blood, plasma and red cells.\[[@ref31]\] Vascular mimicry phenomenon was first described by Maniotis *et al*.\[[@ref32]\] They noted that aggressive uveal melanomas had the potential to metamorphose into vascular channels in order to acquire a blood supply. However, unlike normal angiogenesis, these channels lack endothelial lining and are highly patterned into loops and networks.\[[@ref32]\] Similar findings in prostate, bladder, breast, ovary, and brain cancer have been reported by various authors.\[[@ref1][@ref33]\] Endocan was found up-regulated in these aggressive cancers.

Endocan as Prognostic Marker of Cancer {#sec1-8}
======================================

Apart from early diagnosis of cancer, several authors also found circulating endocan level as a reliable prognostic molecular signature in various cancers. Grigoriu *et al*. studied the endocan mRNA expression by semiquantitative polymerase chain reaction in nonsmall cell lung tumors compared with healthy lung tissue.\[[@ref34]\] This study revealed that endocan mRNA expression was significantly increased in lung tumors and was positively correlated with both survival and time to tumor progression. Yu *et al*. reported up-regulation of endocan by Epstein-Barr virus latent membrane protein-1 in nasopharyngeal carcinoma patients.\[[@ref35]\] Patients with raised serum endocan had a shorter survival than nasopharyngeal carcinoma patients who had undetectable serum endocan.

Endocan-microvessel density (endocan-MVD) is a novel approach for microscopic quantification of the density of capillaries/mm^2^ in tumor using immunohistochemical staining with anti-endocan monoclonal antibodies.\[[@ref1]\] Huang *et al*. found that a high endocan-MVD was associated with shorter survival of hepatocellular carcinoma patients after curative hepatectomy.\[[@ref36]\] A similar finding has been reported in patients with epithelial ovarian cancer.\[[@ref37]\]

Marker of Inflammation and Sepsis {#sec1-9}
=================================

Sepsis and inflammation have associated endothelial dysfunction ranging from vasodilation, edema to coagulopathy, ischemia, and organ failure. Since inflammatory mediators (IL-1, TNF-α) induce endocan expression, blood levels of this soluble PG may closely reflect the presence and severity of inflammation as well as the response to therapy. De Freitas Caires *et al*. have recently described elevated blood levels of cathepsin G-cleaved endocan in patients with sepsis. This 14 kDa circulating protein (p14) is the fragment of endocan specifically cleaved by cathepsin G, a neutrophil-derived serine protease.\[[@ref38]\] They developed an immunoassay for p14 endocan fragment and found that 20 out of 55 severe septic patients had increased plasma levels of p14, whereas in the control subjects p14 was undetectable.\[[@ref38]\] In another study, Scherpereel *et al*. observed that circulating endocan level in blood was related to the severity of sepsis and also reflected outcome of the patient.\[[@ref8]\]

Endocan also has diagnostic and prognostic implications in pulmonary diseases. A recent study reported that plasma endocan was superior to C-reactive protein and white blood cell count in evaluating the severity of community-acquired pneumonia and had better correlation with pneumonia severity scores such as pneumonia severity index, CURB-65, and APACHE II scores.\[[@ref39]\] In a single-center prospective case--control study involving 24 cases and 24 controls, a low serum endocan on admission was found to be an independent predictor of subsequent development of acute lung injury in major trauma patients.\[[@ref40]\] Guzel *et al*. highlighted the association between circulating endocan level and pulmonary thromboembolism (PTE).\[[@ref41]\] Endocan level was significantly higher in submassive (469.41 ng/l) and the massive PTE groups (719.18 ng/l) than the control group (192.77 ng/l).

Diagnostic Assays {#sec1-10}
=================

Endocan is a novel blood-and tissue-based biomarker. Endocan mRNA provides an estimate of *ESM-1* gene expression *in vivo* and *in vitro*. Gene expression studies established that endocan is one of the most overexpressed genes in tip cells and vascular networks in various types of cancer.\[[@ref1][@ref15]\] Immunohistochemistry has been used as a tissue-based tool to detect endocan in various cancers. Immuno-labeling with monoclonal antibody revealed marked expression of endocan in glioblastoma in the cytoplasm of endothelial cells.\[[@ref13]\] Whereas, the cerebral cortex distant from the tumors and the endothelial cells in low-grade gliomas were mostly nonimmuno-reactive for endocan. A sandwich ELISA test has been developed to determine the level of circulating endocan in blood.\[[@ref10]\] Recently, ELISA commercial kit is also available for detection of endocan and its cathepsin G cleaved product in blood for both diagnostic and research purpose.\[[@ref42]\]

Future Prospect {#sec1-11}
===============

The treatment of cancer has undergone revolutionary changes with identification of newer targets and anticancer molecules. Conventional anticancer drugs lack specificity and indiscriminately affect all rapidly dividing cells resulting in immunosuppression, intestinal disturbance, and hair loss. Anti-angiogenic agents specifically target vascular growth, they preclude these adverse effects. In most cancers, angiogenesis is VEGF mediated. Hence, use of anti-VEGF agents is the most established method. However, some cancers may acquire resistance to VEGF blockade.\[[@ref27]\] Since endocan is induced by VEGF in endothelial cells, tumor angiogenesis is associated with elevated endocan and therapeutic VEGF blockade results in a drastic reduction in endocan level.\[[@ref17]\] Hence, endocan has a prospect of being considered as a biomarker for selection of patients for angiogenesis-directed therapies and in monitoring the therapeutic response.\[[@ref1]\] Furthermore, antibody against the protein core of endocan may have promising role as anti-angiogenic agents as an alternative to anti-VEGF agents.\[[@ref18]\]

Conclusion {#sec1-12}
==========

Endocan is unique endothelium-derived circulating PGs. Recent advances in biomarker research have uncovered its newer implications in health and disease. Not only early detection of cancer, monitoring serum endocan could have the essential role as prognostic marker in cancers, sepsis, inflammation, and acute lung disorders. Endocan signaling pathway itself provides a valid target for antiangiogenic therapy. Moreover, it may be employed as key molecular signature for selection of patients and monitoring therapeutic response to various anticancer and antiangiogenic agents.
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